In this study, to evaluate the usefulness of Rhododendron weyrichii Maxim. as a whitening agent, the whitening effects of its extracts were investigated in alpha-melanocyte-stimulating hormone (a-MSH)-induced B16F10 melanoma cells. No toxicity was noted in either B16F10 melanoma cells or HaCaT keratinocyte cells that were exposed to the hot water or 70% ethanol extracts of R. weyrichii Maxim. (RW-H and RW-E, respectively). Moreover, both the RW-H and RW-E extracts dose-dependently inhibited a-MSH-induced melanin production in B16F10 melanoma cells, with inhibitory effects of 52.5% and 51.6%, respectively, at a concentration of 200 µg/mL. The RW-H and RW-E extracts also inhibited intracellular tyrosinase activity in a dose-dependent fashion. Western blot analyses showed that the RW-H and RW-E extracts decreased tyrosinase, tyrosinase-related protein-1, and tyrosinase-related protein-2 expression. Additionally, we found that ñ-coumaric acidcontaining RW-H and RW-E extracts could be used as hypopigmentation agents since they suppress melanogenesis. Collectively, our results suggest that RW-H and RW-E extracts have the potential to serve as functional cosmetic agents, including whitening agents.
and is regulated by melanogenic factors such as tyrosinase, tyrosinase-related protein-1 (TRP-1), and tyrosinase-related protein-2 (TRP-2) 5 . Tyrosinase is particularly important as it can catalyze three different reactions, namely the hydroxylation of tyrosine to 3,4-dihydroxyphenylalanine (DOPA), the oxidation of DOPA to DOPA quinone, and the oxidation of 5,6-dihydroxyindole (DHI) to indolequinone 6 . In the absence of thiols, DOPA quinone changes to DOPA chrome and then to DHI or indole 5,6-quinone 2-carboxylic acid (DHICA). Two additional steps in this melanogenic pathway include the conversion of DOPA chrome to DHICA, which is catalyzed by TRP-2 (DOPA chrome tautomerase), and the oxidation of DHICA, which is catalyzed by TRP-1 (DHICA oxidase). Moreover, microphthalmiaassociated transcription factor (MITF) strongly stimulates tyrosinase, TRP-1, and TRP-2, indicating that it is an important regulator of melanogenesis [7] [8] [9] [10] [11] .
Although melanin has mainly photoprotective functions in human skin, the accumulation of an abnormal amount of melanin in different parts of the skin can create differentially pigmented patches, which may be an esthetic problem for some individuals. This phenomenon has encouraged researchers to discover new potent tyrosinase inhibitors that can inhibit tyrosinase activity, and in turn reduce melanogenesis, in order to serve as skin-whitening cosmetics.
Rhododendron weyrichii Maxim. is a deciduous shrub of the Ericaceae family and its only known habitat is Jeju Island in South Korea. Rhododendron plants have been mostly used as folk medicines to treat high blood pressure or increase urine production. For example, the leaves of Rhododendron schlippenbachii and Rhododendron yedoense var. poukhanense have been used to treat the early symptoms of hypertension, while the leaves of Rhododendron brachycarpum have been used as a diuretic 12 . However, the pharmacological effects of R. weyrichii Maxim. have not been examined scientifically. Therefore, in the present study, we verified the pharmacological whitening effects of R. weyrichii Maxim. in á-MSH-induced B16F10 murine melanoma cells.
MATERIALS ANd METHOdS

Plant material
R. weyrichii Maxim. flowers were collected from Jeju National University in May, 2015. The materials for extraction were freeze-dried, and then ground into a fine powder by using a blender. The dried powder (1 kg) was extracted with hot water (water, 1 L) at 70°C for 4 h (hot-water extract [RW-H]), and then evaporated under a vacuum. All other extracts (EtOH extracts [RW-E]; 1 L, 1 kg) except the RW-H extracts were extracted at room temperature for 2 days. The yield of the RW-H, 20%, 50%, 70%, and 100% RW-E extracts were 14.4%, 39.6%, 30.1%, 22%, and 17.6%, respectively.
Cell culture
The B16F10 murine melanoma cell line was purchased from the Korean Cell Line Bank (Seoul, Korea). These cells were maintained at sub-confluence in a 95% air/5% CO 2 humidified atmosphere at 37°C. The medium used for the routine subculture was Dulbecco's modified Eagle's medium containing 10% fetal bovine serum, penicillin (100 units/mL), and streptomycin (100 µg/mL).
MTT assay
Cell viability was determined using 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) assays 13, 14 . B16F10 cells were cultured in 24-well plates for 18 h, followed by treatment with various concentrations (200, 400, and 800 µg/mL) of the R. weyrichii Maxim. extracts for 48 h. Briefly, MTT was added to the cells and the formazan crystals were dissolved in dimethyl sulfoxide. The absorbance was measured at 540 nm. The percentage of cells showing cytotoxicity was determined relative to that in the control group.
Measurement of melanin content
The amount of melanin in B16F10 cells was measured according to a previously published method 15 with slight modifications. The cells were treated with the R. weyrichii Maxim. extracts and á-MSH for 48 h at 37°C. After removing the media, the cells were washed with cold phosphatebuffered saline and the cell pellets were dissolved in 1 M NaOH for 1 h at 80°C. Spectrophotometric analysis of the melanin content was performed at an absorbance of 405 nm. Each experiment was performed in triplicate.
Intercellular tyrosinase activity
Intercellular tyrosinase activity was determined using methods described previously with slight modifications 15 . Here, arbutin was used as a positive control. Briefly, B16F10 cells (1.0 × 10 5 ) were seeded in a 60-mm dish, and then the plates were incubated at 37°C in a humidified atmosphere of 5% CO 2 for 3 days. Next, seeded B16F10 cells were lysed with phosphate buffer containing 1% Triton X-100. The lysates were clarified by centrifugation for 15 min at 13,000 rpm. After quantifying the protein levels and adjusting the concentrations using lysis buffer, we added each lysate, which contained identical amounts of protein, and placed the indicated concentrations of the test samples into a 96-well plate; then, 15 mM L-DOPA was added per well. After incubation at 37°C, we measured the absorbance at a wavelength of 475 nm using an enzyme-linked immunosorbent assay reader.
western blot analysis
After the a-M S H -i n d u c e d B 1 6 F 1 0 cells were incubated for 48 h, the cells were washed twice with cold phosphate-buffered saline. The cells were allowed to lyse in lysis buffer (radioimmunoprecipitation assay buffer, 1% Nonidet P-40, 1% protease inhibitor cocktail) for 1 h, and were then collected in microtubes and centrifuged at 15,000 rpm for 15 min at 4°C. The supernatants were prepared in new microtubes. The protein content of the cell lysates was determined with Bradford reagent (Bio-Rad) using bovine serum albumin as the standard. After heating at 70°C for 10 min, equal amounts of the cell lysates were separated with 4~12% Bis-Tris mini gel electrophoresis (Invitrogen Inc.) and transferred to a nitrocellulose membrane (Invitrogen Inc.). The membrane was then washed with Tris-buffered saline (TBS; 20 mM Tris base, 137 mM NaCl, pH 7.6) containing 0.1% Tween 20 (TTBS) and blocked in TTBS containing 5% skim milk solution for 24 h. The membrane was incubated overnight at 4°C with the primary antibodies diluted in TTBS (1:1000). Primary antibodies (TRP-1, ) were pre-incubated for 18 h and the melanin content was examined in B16F10 cells treated with a-MSH (200 nM), arbutin (100 µM), and the R. weyrichii Maxim. extracts for 72 h at 37°C in a 5% CO 2 atmosphere. The melanin content (A) and cellular tyrosinase activity (B) were measured as described in the ''Materials and methods'' section. ) were pre-incubated for 18 h and the melanin content was examined in B16F10 cells treated with a-MSH (200 nM), arbutin (100 µM), and the R. weyrichii Maxim. hot water (RW-H) and EtOH (RW-E) extracts for 72 h at 37°C in a 5% CO 2 atmosphere. The melanin content was measured as described in the ''Materials and methods'' section. ) were pre-incubated for 18 h and the melanin content was examined in B16F10 cells treated with á-MSH (200 nM) and the R. weyrichii Maxim. hot water (RW-H) and EtOH (RW-E) extracts for 72 h at 37°C in a 5% CO 2 atmosphere. The intracellular tyrosinase activity was measured as described in the ''Materials and methods'' section.
Fig. 4: Inhibitory effects of Rhododendron weyrichii Maxim. extracts on intracellular tyrosinase activity in B16F10 cells
an enhanced chemiluminescence solution. The immunoreactive bands were detected and exposed to X-ray film. Protein levels were quantified by scanning the immunoblots.
High-performance liquid chromatography analysis
High-performance liquid chromatography (HPLC) was performed with a Waters 2695 chromatograph system (Waters, Milford, MA, USA), which included a Waters 2489 UV visible detector. Utilizing a YMC ProC18 column (250 × 4.6 mm) was used to separate Á-coumaric acid from RW-H and RW-E extracts. The mobile phase of quantitative analysis was a mixture of water-methanol-glacial acetic acid (80:18:2). The injection volume of the sample was 10 ìL. The flow rate was kept at 0.6 mL/min and detection of the Á-coumaric acid was performed at 320 nm. All solutions, including samples (RW-H and RW-E extracts) and standard (Á-coumaric acid), were filtered through a 0.45-ìm membrane before being directly injected into the HPLC system.
Statistical analysis
All data were obtained in triplicate and are presented as the mean ± the standard error of the mean. Significant differences between treatments were determined with Student's t-tests in one-way analyses of variance.
RESULTS
Effects of R. weyrichii Maxim. extracts on B16F10 melanoma cell viability and HaCaT keratinocyte cell cytotoxicity
To evaluate the effects of the R. weyrichii Maxim. extracts on cell viability, we treated B16F10 melanoma cells with the RW-H extract and various concentrations of the RW-E extract, and then measured the cell viability using an MTT assay. As shown in Fig. 1A , none of the extracts at concentrations of up to 200 ìg/mL had significant effects on the cell viability of B16F10 melanoma cells when compared to untreated control cells after 48 h.
In addition, to determine the effects of these extracts on skin-related cells, the cytotoxicity of the extracts toward human HaCaT keratinocyte cells was examined under the same conditions as those for the B16F10 melanoma cells. As shown in Fig. 1B , none of the extract concentrations used in this study had cytotoxic effects on HaCaT keratinocyte cells. These results indicate that the RW-H and RW-E extracts are safe for human skin cells at these concentrations. Based on the results of the cell viability experiments, the concentration of 200 ìg/mL was used in the remaining experiments.
Effects of R. weyrichii Maxim. extracts on melanin content and intracellular tyrosinase activity in B16F10 melanoma cells
Next, we investigated the effects of the RW-H and RW-E extracts on the a-MSH-induced melanin content in B16F10 melanoma cells. Cells treated with á-MSH alone had markedly increased melanin content compared to untreated cells. All RW-H and RW-E extracts (200 µg/mL) significantly inhibited the melanin content better than did arbutin (Fig. 2A) .
The observed suppression of the melanin indicates that they are associated with the activity of the enzyme involved in melanin synthesis. Tyrosinase is the rate-limiting step (reaction ratedetermining step) in the melanin synthesis process and is responsible for the first stage of melanin biosynthesis 16 . This suggests that inhibiting the activity of tyrosinase may also inhibit melanin synthesis. Therefore, we examined whether the RW-H and RW-E extracts would affect the activity of tyrosinase by treating B16F10 cells with the extracts and measuring the tyrosinase activity. The extracts inhibited tyrosinase to a degree that was similar to the amount of melanin synthesis (Fig. 2B) . Thus, the RW-H and RW-E extracts inhibited the melanin content and intercellular tyrosinase activity. Since the experiment was performed by selecting the RW-H and 70% RW-E extracts, we next examined their potential as cosmetic raw materials.
Effects of Rw-H and Rw-E on the melanin content and intracellular tyrosinase activity in B16F10 melanoma cells
As mentioned above, neither the RW-H nor RW-E extracts were toxic to B16F10 cells at concentrations of 50 µg/mL to 200 µg/mL (Fig. 1 ).
B16F10 cells (1.0 × 10 5 cells/mL) were preincubated for 18 h, and the cells were stimulated with á-MSH (200 nM) and the R. weyrichii Maxim. hot water (RW-H) and EtOH (RW-E) extracts for 24 h. The expression level was determined using immunoblotting methods. The lower side (C) represents standard r-coumaric acid. The wavelength of r-coumaric acid absorbance is 320 nm.
Fig. 6: HPLC fingerprinting analysis of the R. weyrichii water (A) and 70% ethanol (B) extracts
Next, we explored the effects of the RW-H and RW-E extracts on a-MSH-induced melanin synthesis and tyrosinase activity. As shown in Fig. 3 , cells treated with a-MSH alone had markedly increased melanin content compared to normal cells. Arbutin, a potent inhibitor in standard skin-whitening agents, was used as a positive control. RW-H and RW-E extracts (200 µg/mL) clearly inhibited melanin synthesis more than did arbutin. In fact, the RW-H and RW-E extracts dose-dependently inhibited á-MSH-induced melanin production in B16F10 melanoma cells, with inhibitory effects of 52.5% and 51.6%, respectively, at a concentration of 200 µg/mL.
Moreover, because melanin synthesis is ultimately regulated by tyrosinase, the direct inhibitory effects of the RW-H and RW-E extracts on tyrosinase were examined in B16F10 melanoma cells using intercellular tyrosinase assays. As shown in Fig. 4 , the RW-H and RW-E extracts decreased the activity of intercellular tyrosinase in a concentrationdependent manner.
Effects of Rw-H and Rw-E on melanogenesisrelated proteins in B16F10 melanoma cells
The above results suggest that the RW-H and RW-E extracts have inhibitory effects on melanin generation, as the extracts inhibited the tyrosinase activity in B16F10 cells. Thus, we next investigated whether the anti-melanogenic effects of the RW-H and RW-E extracts exert their whitening activity by inhibiting protein expression or function at any other steps in the generation process.
After exposing B16F10 cells to the RW-H and RW-E extracts, we confirmed the expression of tyrosinase, TRP-1, and TRP-2, known as the key enzymes/proteins in melanin production, through western blots. As shown in Fig. 5 , when the cells were stimulated with á-MSH, a significant increase in tyrosinase was observed, and TRP-1 and TRP-2 expression also increased. Interestingly, as the concentration of the RW-H extract increased, the amount of tyrosinase and TRP-1 expression decreased (Fig. 5A) . However, TRP-2 expression did not show a significant change. In contrast, the RW-E extract did not affect the expression of TRP-1 protein, but did inhibit the á-MSH-induced tyrosinase and TRP-2 expression in a dose-dependent manner (Fig. 5B) . No changes in the protein levels of b-actin, a housekeeping protein that was used as an internal control, were observed.
Thus, we investigated the inhibition of tyrosinase, TRP-1, and TRP-2 expression by western blotting to describe the influence of the RW-H and RW-E extracts on a-MSH-induced MITF expression.
HPLC fingerprinting analysis of the Rw-H and Rw-E extracts
Chromatographic methods (for example, HPLC fingerprinting) can be used to identify the active ingredients of traditional oriental medicines. In the field of natural chemistry, interest in HPLC fingerprinting analysis has increased, both in Asia and globally. Therefore, a simple HPLC fingerprinting method was developed. Because p-coumaric acid is reportedly an effective anti-melanogenic agent, it was used as a standard substance. Using HPLC fingerprinting, p-coumaric acid was resolved from the RW-H and RW-E extracts with clear peak shapes. The p-coumaric acid content in the RW-H and RW-E extracts (100 g) was 1.94 g and 14.8 g, respectively (Fig. 6) .
dISCUSSION
R. weyrichii Maxim. is a deciduous shrub that only grows on Jeju Island in South Korea. Rhododendron plants tend to be used as folk medicines to increase urine production or treat high blood pressure. However, the pharmacological effects of R. weyrichii Maxim. have not been proven scientifically 12 . Therefore, in the present study, we verified the pharmacological whitening effects of R. weyrichii Maxim. in a-MSH-induced B16F10 melanoma cells.
In this study, we first determined the potential cytotoxicity of all R. weyrichii Maxim. extracts on B16F10 melanoma cells and HaCaT keratinocyte cells by using MTT assays. The results showed that cells retained almost the same viability when exposed to each extract at concentrations of 200 µg/mL.
Next, the inhibitory action of each extract on melanogenesis was evaluated. Melanin synthesis is mainly activated by ultraviolet light, which generates DNA photoproducts and causes various autocrine and paracrine factors to be secreted. One of the most well known factors is a-MSH
17
. By inducing melanin synthesis with a-MSH, we investigated how the R. weyrichii Maxim. extracts affect melanin formation. We found that cells treated with á-MSH alone had markedly increased melanin content compared to normal cells. All R. weyrichii Maxim. extracts of RW at a concentration of 200 µg/mL significantly inhibited the melanin content better than did arbutin. Moreover, the degree to which the melanin content was suppressed indicates that the extracts are associated with the enzymatic activity of melanin synthesis.
Tyrosinase catalysis is involved in the first two steps of mammalian melanogenesis, which is the process that produces the dark macromolecular pigment melanin. Over-activity of this enzyme leads to the overproduction of melanin, which in turn produces hyperpigmentation of the skin. Inhibition of tyrosinase can also lead to reduced melanin content. Tyrosinase inhibitors have become increasingly important in medications and cosmetics, as they can prevent hyperpigmentation by inhibiting enzymatic oxidation 18, 19 . Therefore, we determined how the Rhododendron weyrichii Maxim. extracts affected the activity of tyrosinase in B16F10 cells. Our results showed that the extracts had inhibitory effects on tyrosinase that were similar to the level of melanin synthesis. Indeed, all extracts examined inhibited the melanin content and intercellular tyrosinase activity.
Next, we selected the RW-H and 70% RW-E extracts and examined their potential to be developed as cosmetic raw materials. We found that the RW-H and RW-E extracts were not toxic to B16F10 cells at concentrations of 50 to 200 µg/mL. We also explored the effects of the RW-H and RW-E extracts on a-MSH-induced melanin synthesis and tyrosinase activity. The RW-H and RW-E extracts (200 µg/mL) clearly inhibited melanin synthesis better than did arbutin. RW-H and RW-E concentrationdependently inhibited a-MSH-induced melanin production in B16F10 melanoma cells (inhibitory effects of 52.5% and 51.6%, respectively) and decreased the intercellular tyrosinase activity in a concentration-dependent manner.
Melanogenesis is known to be controlled by an enzymatic cascade, which is regulated at the level of tyrosinase, TRP-1, and TRP-2 20 . Thus, to better understand the molecular mechanisms underlying the anti-melanogenic effects of the RW-H and RW-E extracts, we evaluated the expression levels of tyrosinase, TRP-1, and TRP-2. We noted that as the RW-H extract concentration increased the amount of tyrosinase and TRP-1 expression decreased, while the expression level of TRP-2 remained unchanged. On the other hand, the RW-E extract had no effect on TRP-1 expression but did inhibit the expression of a-MSH-induced tyrosinase and TRP-2 in a concentration-dependent manner. The protein level of â-actin, which was used as an internal control, did not change.
MITF is a transcription factor that effectively transactivates tyrosinase and its related genes by binding to their common promoters 21 . Hence, we investigated the inhibition of tyrosinase, TRP-1, and TRP-2 expression by western blotting to describe the influence of the RW-H and RW-E extracts on a-MSH-induced MITF expression.
In conclusion, our results suggest that the RW-H and RW-E extracts inhibited melanin production in a-MSH-induced B16F10 melanoma cells by suppressing tyrosinase, TRP-1, and TRP-2 expression. Such inhibitory effects indicate that the RW-H and RW-E extracts can influence MITF protein expression. Furthermore, RW-H and RW-E extracts containing p-coumaric acid could be used as hypopigmentation agents given their ability to suppress melanogenesis. Collectively, our results suggest that RW-H and RW-E extracts could be developed into functional cosmetic agents, such as whitening agents.
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